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Farm ponds are numerous in the agricultural landscapes of the Eastern Great Plains of the 
United States. These ponds are constructed to support a variety of functions, including erosion 
control, cattle grazing, and recreational fishing, but their role in supporting native biodiversity, 
including amphibians, remains poorly understood. In addition, it is unclear how farm ponds fit 
into existing frameworks of restoration and conservation. Despite their abundance, there are no 
large-scale initiatives in place to enhance the biodiversity value of farm ponds in the United 
States. Emerging frameworks like the novel ecosystems concept could provide a path forward for 
farm pond conservation, but the concept remains controversial and its applicability largely 
untested. 
Consequently, my goal was to address both the ecological and philosophical aspects of 
farm ponds as refuges for biodiversity in agricultural landscapes. First, I sought to identify the 
important biophysical components of amphibian breeding habitat in farm ponds and assess the 
species-specific effects of cattle and fish presence. I then used a chronosequence approach to 
determine whether pond renovation, which often occurs when ponds are 35 years old, threatens 
the development of amphibian habitat. I found that farm ponds support amphibian reproduction, 
but habitat use varied by species, underscoring the importance of species-specific approaches. In 
addition, pond renovation threatens the development of pH, pond slope, and emergent vegetation 
conditions predictive of amphibian breeding. Moving forward, it will be important to develop 
ecological and conceptual approaches to balance the agricultural and biodiversity values of these 
sites. By enabling us to explicitly acknowledge the anthropogenic nature of farm ponds without 
disregarding them as ‘degraded’, the novel ecosystems concept provides a framework for 
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CHAPTER 1 – GENERAL INTRODUCTION AND LITERATURE REVIEW: FARM 
PONDS AS NOVEL REFUGES FOR BIODIVERSITY IN AGRICULTURAL 
LANDSCAPES OF THE CENTRAL UNITED STATES 
 
Habitat Loss and Amphibian Declines in Agricultural Landscapes 
The prairie regions of the Central United States provide a striking illustration of 
humankind’s ability to transform landscapes. As Euro-American settlers pushed into the interior 
of the North American Continent in the 1800s, they steadily plowed prairies and drained 
wetlands (Prince 2008). In some parts of the Central US, this conversion of native landscapes to 
agricultural fields has been almost complete (Wright and Wimberly 2013). In the Corn Belt 
region, for example, almost all tallgrass prairie has been converted to agriculture (Samson and 
Knopf 1996, Samson et al. 1998). Native wetlands in the Corn Belt have also been lost at high 
rates (Leja 1998). By the 1980s, less than 15% of historic wetlands remained in Ohio, Indiana, 
Illinois, and Missouri (Dahl 1990). By some estimates, Iowa has lost at least 98% of its historic 
wetlands (Bishop 1981). 
This wholesale conversion of native ecosystems to agriculture in the Central U.S. has had 
widespread and well-known negative impacts on native biodiversity. Although much of the 
concern has revolved around declines in grassland birds (Peterjohn and Sauer 1999) and native 
pollinators (Koh et al. 2016), amphibian populations have also suffered dramatic declines in 
recent decades (Lannoo 1998b, Gallant et al. 2007, Lannoo 2012). Amphibian losses in the 
Central U.S. are part of a larger pattern of declines that are occurring at a global scale (Stuart et 
al. 2004, Beebee and Griffiths 2005). The causes of these declines are myriad, but habitat loss is 
considered a primary factor (Baillie et al. 2004, Hoffmann et al. 2010). Furthermore, even where 
2 
 
habitat remains, these patches have usually been subjected to extensive alteration and 
degradation by humans, rendering them unsuitable for some native amphibians (Lannoo 1998a, 
Leja 1998). Recent estimates suggest that due to the confluence of these factors, amphibian 
populations in the U.S. may be declining at a rate of about 4% per year (Adams et al. 2013). 
 
Habitat Restoration and Creation for Amphibians 
Understanding and addressing these amphibian declines in the agricultural regions of the 
U.S. is urgently necessary. Recent efforts to do so have largely focused on either restoring 
degraded habitats (Reeves et al. 2016) or generating new habitat through wetland creation (Porej 
and Hetherington 2005). Unfortunately, by many measures, these efforts have lagged far behind 
what is likely necessary to prevent amphibian declines (Leja 1998, Lannoo 2012).  
At the same time, the abundance of anthropogenic aquatic habitats has increased 
dramatically (Dahl 2011). For example, farm ponds, built to serve agricultural functions such as 
water storage and erosion control, have been constructed in huge numbers over the last 80 years. 
Recent estimates suggest that there are approximately 2.5 million farm ponds located in the 
Great Plains Ecoregion alone (Chumchal and Drenner 2015). Whether farm ponds could help 
mitigate losses of natural wetland habitat for amphibians remains unclear and addressing this 
knowledge gap requires consideration of several key ecological, agricultural, and philosophical 
factors. 
The current ubiquity of farm ponds in agricultural landscapes can be attributed to the 
devastation of the Dust Bowl of the 1930s. The environmental calamities of the era spurred a 
reformation in agricultural land management policy in the United States (Compton 1952, Hawley 
1973). In 1935, the Soil Conservation Act was signed into law, providing the foundations for the 
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establishment of the Agricultural Stabilization and Conservation Service (ASCS), which was 
tasked with devising new strategies to conserve soil on agricultural lands (Compton 1952). Farm 
ponds are among the primary tools promoted by the ASCS, and starting in the 1940s, rates of 
pond construction skyrocketed. From 1934 to 1952, the number of farm ponds in the U.S. grew 
from 15,000 to nearly 1.5 million (Compton 1952, Leja 1998). The rapid adoption of ponds 
indicates their value as agricultural tools. Ponds conserve soil by capturing runoff, thereby 
preventing the formation of gullies (Renwick et al. 2006). They also provide water to support 
grass-based livestock agriculture. Compared with fields of row crops, the rate of soil loss on 
perennially-vegetated grazed pastures is significantly reduced (Renwick et al. 2006). In many 
erosion-prone areas, natural wetlands are scarce, so farm ponds were needed to facilitate the shift 
to cattle grazing (Gallant et al. 2011). 
The agricultural functions of farm ponds are only part of the reason that they have 
become indispensable components of U.S. agricultural landscapes over the last eighty years. 
Farmers and the government agencies that support them recognized early on that farm ponds 
provide ecosystem functions ancillary to their agricultural utility. By the 1950s it was well-
known that farm ponds support populations of upland gamebirds, furbearing mammals, and 
waterfowl (Compton 1952). At this time, the U.S. Fish and Wildlife Service was also 
enthusiastically exploring the potential for these ponds to support gamefish populations (United 
States Fish and Wildlife Service 1956). Any discussion of the potential value of ponds as habitat 
for non-game wildlife, especially amphibians, was conspicuously absent from the literature until 
decades later. It was not until Knutson et al. (2004) published a foundational study titled simply 
“Agricultural ponds support amphibian populations” that the unexplored potential of farm ponds 
as amphibian habitats was finally acknowledged. However, in the years following publication of 
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that study, research on the ecology and conservation value of farm ponds for amphibians has 
languished. 
 
Ecological and Agricultural Factors Relevant to Amphibian Conservation in Farm Ponds 
To develop research questions regarding the potential of farm ponds to provide breeding 
habitat for amphibians, we must look to research conducted on amphibians in other wetland 
ecosystems. I will focus on six major habitat components that have been found to affect 
amphibian breeding use of wetlands: predators, wetland vegetation, littoral zone slope, wetland 
size, landscape context, and presence of cattle. 
Introduced aquatic predators have key negative impacts on populations of many 
amphibian species. While recreational fishing has long been a culturally important pastime in the 
Central U.S. (Hawley 1973), the proliferation of predatory fish introductions to wetlands is 
considered a threat to amphibian communities of the region, particularly in wetlands lacking 
suitable refugia (Leja 1998, Shulse et al. 2010). Many common gamefish species, including 
sunfish (Lepomis spp.) and largemouth bass (Micropterus salmoides) are voracious predators of 
amphibian larvae and can be key drivers of amphibian community composition (Resetarits and 
Wilbur 1989, Hecnar and M'Closkey 1997, Smith et al. 1999). Although wetlands throughout the 
Great Plains historically supported a variety of fishes, these tended to be non-predatory minnow 
species (including fathead minnows [Pimephales promelas]) that are tolerant of hypoxic 
conditions which frequently occur in shallow wetlands (Peterka 1989, Lannoo 1996). Today, 
humans have introduced predatory gamefish to many wetlands, confronting native amphibians 
with novel predators. Because amphibians lack sufficient evolutionary history with these 
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introduced fishes, their chemical, behavioral, and physical defenses are of limited use (Kats et al. 
1988, Kats and Ferrer 2003). 
As a result, the availability of suitable refugia may be key to the persistence of amphibian 
communities in invaded wetlands (Porej and Hetherington 2005, Shulse et al. 2010). Species 
richness and reproductive success of amphibians have been found to be higher in invaded ponds 
with shallow littoral zones (Knutson et al. 2004). In addition, shallow littoral zones support the 
development of wetland vegetation, which provides foraging and oviposition sites for 
amphibians (Porej and Hetherington 2005). Vegetated shallows support fish-sensitive 
amphibians such as treefrogs frogs (Family Hylidae) that select sites with extensive vegetation 
where refuge from predators is abundant (Shulse et al. 2010). The conservation and creation of 
shallow, vegetated wetlands are thus considered to be critical to supporting diverse amphibian 
communities (Leja 1998).  
In addition to local-scale habitat factors, amphibian assemblages in wetlands are also 
influenced by landscape context. Between reproduction events, the adults of some amphibian 
species inhabit uplands around breeding sites (Semlitsch 1981, 1998), and colonization of sites 
may depend on the permeability of the matrix between target sites (Cosentino et al. 2011). As a 
result, the composition and structure of the landscape within a core terrestrial habitat zone can 
impact breeding populations of amphibians (Semlitsch and Bodie 2003, Rittenhouse and 
Semlitsch 2007). Lack of suitable woodland habitats may limit occupancy of forest-associated 




Potential Challenges for Conservation of Amphibians in Farm Ponds  
Agricultural management practices may also be key drivers of the suitability of farm 
ponds for amphibians. Many ponds are constructed to support cattle grazing. When granted free 
access, cattle can spend a substantial amount of time drinking from or loafing in ponds (Giuliano 
2006). In the process, they trample and uproot wetland vegetation, alter the physical structure of 
banks and shallows, and degrade water quality through defecation (Trimble 1994, Trimble and 
Mendel 1995, Schmutzer et al. 2008). Cattle access has been linked to a number of negative 
outcomes for amphibians and their habitat (Jansen and Healey 2003, Knutson et al. 2004, Marty 
2005). As a result, natural resource agencies recommend that farmers construct fences to exclude 
cattle from ponds (Natural Resources Conservation Service 2006). However, because many 
landowners may be unable or unwilling to comply (T. Swartz, unpublished data), it remains 
important to develop a better understanding of how cattle access impacts amphibians. 
Another key management practice that may limit the conservation value of farm ponds is 
renovation. Over time, as ponds accumulate sediment they become shallower and their capacity 
for water storage declines (Chumchal and Drenner 2015). Ponds constructed by the Natural 
Resource Conservation Service (NRCS, formerly the ASCS) are designed to withstand about 35 
years of sediment accumulation before their agricultural function is thought to be greatly 
impaired (Natural Resources Conservation Service 2014). When ponds reach the end of their 
functional lifespan, their capacity to capture sediment and serve as water storage for livestock is 
reset through renovation (Renwick et al. 2006). In the US, renovation typically involves 
breaching the embankment, draining the water from the pond, dredging the basin, and then 
rebuilding the dam. This process completely disrupts pond ecosystem development. As a result, 
renovation practices may impact amphibians in these systems. If the habitat components required 
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by amphibians are correlated positively with pond age, renovation may directly threaten habitat 
suitability. 
Conflict between amphibian habitat development and maintenance of agricultural 
function in ponds seems unavoidable, given that wetland ecosystems are prone to substantial 
changes in their structure and composition over time (Mitsch and Gosselink 2007). Succession in 
isolated wetland ecosystems (hydrarch development) is a well-described process (see Mitsch and 
Gosselink 2007). Typically, wetlands begin as deep open-water systems that lack suitable 
shallow-water habitat for the establishment of rooted wetland vegetation. Succession is thus 
initially allogenic, being driven by abiotic processes that deposit sediments from surrounding 
uplands, gradually filling in the basin. As nutrients accumulate and shallow areas form, 
hydrophytic vegetation becomes established. Decomposing plant material then contributes to 
autogenic succession, facilitating further colonization of the pond by other plants as well as 
animals. Given sufficient time, accumulation of sediment may ultimately lead to a shallow, 
temporary wetland that can support dense stands of emergent vegetation. With farm ponds, the 
resulting system may support a complex community of wetland plants and animals, but in these 
late successional stages it is a poor source of water for cattle and would be prone to washouts and 
erosion (Chumchal and Drenner 2015). Renovation would thus eliminate mature wetland habitat 
but improve agricultural function. 
In the US, there have been no studies of the potential impacts of pond renovation on 
habitat for wildlife, including amphibians. However, a recent study in Norfolk, UK, suggests that 
periodic pond renovation could be a key component of pond management (Sayer et al. 2012). In 
that system, the accumulation of sediment and extensive growth of woody and herbaceous plants 
limits the diversity of macrophytes and macroinvertebrates of older ponds. Thus, periodic 
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renovation prevents the homogenization of pondscapes (networks of ponds) by ensuring that not 
all ponds in the system support only late-successional communities. In the Central US, farm 
ponds may be facing the opposite problem. Those located on privately owned lands in southern 
Iowa, for example, tend to be only about 30 years old, on average, and there is evidence that 
many of the older ponds have been renovated (T. Swartz, unpublished data), possibly leading to 
a scarcity of late-successional habitats on the landscape. Determining the timing of habitat 
development in U.S. farm ponds and the extent to which native amphibians rely on particular 
succession-dependent features is a critical step toward understanding whether renovation 
practices pose a threat to biodiversity in these systems. 
 
Linking Farm Ponds to Wetland Restoration 
There are clearly several potential ecological and agricultural challenges to managing 
farm ponds as wetlands to support amphibian conservation in the Central US. There are 
important philosophical challenges, too. The underpinnings of modern conservation and 
restoration, with their emphasis on pristine and ‘natural’ ecosystems, are potentially at odds with 
efforts to incorporate farm ponds into these endeavors. 
A foundational concept within classical restoration ecology is the “local historical 
analog” that serves as the reference ecosystem on which restoration efforts are based (Society for 
Ecological Restoration International 2004). How does this concept relate to the farm ponds 
constructed in regions that historically lacked small, isolated wetland systems? Moreover, the 
perspective prevalent in restoration circles of “restoring nature for nature’s sake” (see Jordan and 
Lubick 2011) poses clear problems for farm pond conservation. Given the vital role ponds play 
in human enterprise, is it realistic to consider restoration options that exclude humans?  
9 
 
The Novel Ecosystems Concept Provides an Alternative 
The emerging, yet controversial, novel ecosystems concept (Hobbs et al. 2006) could 
provide the flexibility needed to manage and restore farm pond ecosystems. According to Hobbs 
et al. (2013), a novel ecosystem is “a system of abiotic, biotic and social components that, by 
virtue of human influence, differ from those that prevailed historically, having a tendency to self-
organize and manifest novel qualities without intensive human management” (Hobbs et al. 
2013). The novel ecosystems concept was conceived in response to the growing recognition that 
human alteration of natural ecosystems has been so extensive that some systems appear to have 
been pushed beyond ecological (and social) thresholds (Hobbs et al. 2006, Miller and 
Bestelmeyer 2016). While restoration of such systems, in the conventional sense, is not feasible, 
proponents argue that these ecosystems should not be regarded as merely inferior versions of 
natural ones. Indeed, there is increasing recognition that the novel components of these systems 
support processes that may hold substantial value and are worth preserving and promoting 
(Hobbs et al. 2014). 
This emerging framework has proven to be rather controversial (Miller and Bestelmeyer 
2016). Although there is little disagreement that a vast number of the Earth’s ecosystems have 
been extensively altered by human action, some argue that the designation of some of these as 
“novel ecosystems” is unnecessary (Kattan et al. 2016). They contend that the concept will at 
best lead to confusion among ecologists, practitioners, and the public and at worst have direct 
negative effects on ongoing restoration and management efforts (Aronson et al. 2014, Murcia et 
al. 2014). Moreover, there are fundamental disagreements as to whether the definition provided 
for novel ecosystems by Hobbs and his colleagues provides a reliable set of criteria for actually 
identifying novel ecosystems (Aronson et al. 2014, Murcia et al. 2014). While proponents of the 
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value of the novel ecosystems concept argue these systems are now pervasive, others remain 
unconvinced that any of the examples put forth truly illustrate the value or utility of the concept 
as articulated by Hobbs and colleagues (Murcia et al. 2014). 
The lack of clear examples of novel ecosystems continues to pose a barrier to its wider 
acceptance. Meanwhile, ecosystems that could potentially benefit from the novel ecosystems 
concept continue to be overlooked by scientists and practitioners. For this reason, it is 
worthwhile to investigate the potential relevance of this concept to the farm ponds of the Central 
United States. As discussed, these are abundant and widespread ecosystems and they could 
provide a valuable opportunity to test the utility of the novel ecosystems framework. Such a 
discussion would advance the conversation on the management of extensively altered 
ecosystems and could specifically contribute to the conservation and management of farm ponds. 
There are a number of reasons why the novel ecosystems concept could be well-suited to 
describe farm ponds: their origin is distinctly anthropogenic, they are comprised of novel 
combinations of abiotic and biotic components, and they fit poorly into existing restoration and 
conservation frameworks that emphasize a return to historical trajectories. Furthermore, there is 
precedent to consider anthropogenic wetlands like farm ponds to be novel ecosystems. Farm 
ponds share numerous similarities with other novel wetland ecosystems, including the 
“accidental urban wetlands” that form in heavily populated areas as a byproduct of urban 
development (Palta et al. 2017). These novel urban wetlands possess a variety of abiotic and 
biotic features that distinguish them from native wetland ecosystems. Nevertheless, accidental 
urban wetlands provide ecosystem services that support native biodiversity and human 
communities. Likewise, farm pond ecosystems are also a consequence of human land use and 
their composition and structure appears to largely develop in the absence of intensive human 
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management (see Chumchal and Drenner 2015). It remains to be seen whether the novel 
ecosystems concept is an appropriate framework for understanding farm pond ecosystems, and it 
is unclear what potential benefits might result in applying this concept to these ecosystems.  
 
Thesis Organization 
The following chapters are thus focused on addressing two primary gaps in our 
knowledge of farm pond ecosystems. In Chapter 2, I will identify key components of amphibian 
habitat by using field data to conduct analyses of breeding occupancy patterns of amphibians in 
farm ponds in southern Iowa. I will then use a chronosequence approach to understand the timing 
of amphibian habitat development and assess the potential impacts of pond renovation. In 
Chapter 3, I will discuss the emergence of farm ponds as ubiquitous features of the landscapes of 
the Central U.S. and outline what is known about their ecology and management, with the goal 
of linking these elements to components of the novel ecosystems concept. I will focus 
specifically on whether the term “novel ecosystem”, as defined by Hobbs et al. (2013), 
accurately describes farm pond ecosystems and how the novel ecosystems concept could 
promote the conservation of these undervalued ecosystems. Through this integrated, two-chapter 
approach I will address the unique challenges, both ecological and philosophical, associated with 
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CHAPTER 2 – FARM PONDS AS HABITAT FOR AMPHIBIANS: KEY HABITAT 
COMPONENTS AND THE IMPACTS OF POND RENOVATION1 
 
ABSTRACT 
Farm ponds are numerous in the agricultural landscapes of the U.S. Great Plains. These 
ponds are constructed to support a variety of functions, including erosion control, cattle grazing, 
and recreational fishing, but their role as breeding habitat for amphibians remains poorly 
understood. Our goal was to use field surveys with occupancy modeling to identify the important 
biophysical components of amphibian habitat and assess the species-specific effects of cattle and 
fish presence on amphibian breeding occupancy. We also used a chronosequence approach to 
determine whether pond renovation, which often occurs when ponds are about 35 years old, 
threatens the development of amphibian habitat. Nine amphibian species bred in the farm ponds 
that we surveyed, and the relationship between breeding occupancy and habitat variables varied 
by species. We found that the pH, pond slope, and emergent vegetation conditions predictive of 
amphibian breeding tended to develop in older ponds (> 40 years old) and thus are threatened by 
renovation activities. Conservation of amphibians in farm ponds in the United States will require 
adopting landscape management practices that balance the multiple uses of these sites while 
maintaining a mosaic of pond successional states.  
  
                                                             
 





Although the conversion of land to agriculture remains a primary driver of global 
biodiversity loss (Secretariat of the Convention on Biological Diversity 2010), there is growing 
recognition that anthropogenic habitats can serve as biodiversity hotspots in some agricultural 
landscapes (Wright et al. 2012). Increasingly, there is evidence that one common feature of such 
landscapes – the farm pond – may play an important role in sustaining biodiversity in 
agroecosystems (Brainwood and Burgin 2009, Sebastián-González et al. 2010), especially for 
vulnerable aquatic organisms like amphibians (Knutson et al. 2004). Despite their ubiquity, 
however, the regional and global importance of farm ponds continues to go unrecognized by 
both scientists and policymakers (Downing 2010, Hill et al. 2018). Consequently, our 
understanding of farm ponds, including both their potential to support native biodiversity and 
possible threats to this biodiversity, remains poor and informed by relatively few studies (Smith 
et al. 2002, Downing 2010). 
Farm ponds are a relatively new addition to agricultural landscapes of the United States, 
but their impact on the distribution of aquatic habitat in the region is undeniable. Constructed in 
the wake of the Dust Bowl of the 1930s to combat soil erosion (Compton 1952, Renwick et al. 
2006), most ponds are now located in areas where natural lentic water bodies were historically 
scarce (Smith et al. 2002, Gallant et al. 2011). In the Great Plains, for example, there are 
currently more than 2 million farm ponds (Fig. 2.1) and densities can exceed five ponds/km2 
(Renwick et al. 2006). In some localities, constructed ponds may now constitute the majority of 
extant aquatic habitat available to wildlife. 
Pond construction may be particularly important to the conservation of amphibians in the 
Great Plains. Loss of amphibian habitat has been extensive throughout the Central U.S. (Dahl 
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1990, Chanson et al. 2008, Wright and Wimberly 2013), and the destruction of breeding 
wetlands is a major threat to amphibian populations in the region (Lannoo 1996, 1998, Leja 
1998). If properly managed, farm ponds could mitigate these losses by providing essential 
habitat for amphibians where other options are scarce. 
When assessing the potential for farm ponds to be breeding sites for amphibians, it is 
important to identify the key biotic and abiotic habitat features of ponds and determine how 
those are impacted by management practices. For example, consider predatory gamefish. Many 
gamefish species including sunfish (Lepomis spp.) and largemouth bass (Micropterus salmoides) 
are voracious predators of amphibian eggs and larvae (Kats et al. 1988, Kats and Ferrer 2003) 
and are detrimental to the amphibian communities of wetlands (Hartel et al. 2007). 
Unfortunately, these species are prized by anglers (Compton 1952, Hawley 1973, Leja 1998) and 
are widely introduced to farm ponds. As a result, they are thought to pose a key barrier to 
successful amphibian reproduction in farm ponds (Leja 1998, Knutson et al. 2004). 
For many amphibians, use of sites is also dependent on the composition and structure of 
the littoral zone. To ensure that farm ponds are resilient to drought, they are typically designed to 
have deep basins and steep banks that limit the proliferation of wetland vegetation (Compton 
1952, Leja 1998, Shulse et al. 2010). This morphology could be problematic for amphibians, 
since extensive shallows and dense hydrophytic vegetation can create foraging habitat, substrates 
for oviposition, and refuge from predators (Knutson et al. 2004, Porej and Hetherington 2005, 
Shulse et al. 2010). 
Landowners also determine whether cattle have free access to ponds or are excluded by 
fences. Cattle are well-known for their ability to degrade wetlands (Trimble 1994, Trimble and 
Mendel 1995); they can have direct negative effects on habitat quality and reduce species 
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richness and reproductive success of amphibians (Jansen and Healey 2003, Knutson et al. 2004, 
Marty 2005). However, because landowners may be unwilling or unable to comply with 
recommendations to fence cattle out of ponds, many ponds have direct cattle access (T. Swartz, 
unpublished data) and questions remain about how amphibians respond to the presence of 
livestock.  
Other factors that are equally important to amphibians are only indirectly contingent on 
pond management activities. For example, breeding sites with pH levels falling outside a 
circumneutral range (6.0–7.5) may affect egg viability or larval development (Sparling 2010). 
Ponds are not typically managed for their pH levels, but pH could be indirectly affected by land-
use decisions by landowners. 
Perhaps the most direct threat to the amphibian communities of farm ponds is renovation 
of aging ponds. Due to accumulation of sediments in the pond basin, ponds shift over time from 
reliable, permanent water bodies to shallow, temporary ones (Chumchal and Drenner 2015, 
Chumchal et al. 2016). Renovation reverts these temporary ponds back into barren, but reliable, 
ponds (Fig. 2.2). The primary goal of renovation is to reset succession to restore agricultural 
function, but amphibian habitat could be destroyed as collateral. Depending on the timing, pond 
renovation could threaten amphibian use of ponds, either by eliminating well-develop habitat in 
older ponds or simply preventing ponds from ever reaching the age where suitable habitat is 
available. 
Ponds are typically designed to have a functional lifespan of ≤35 years (Natural 
Resources Conservation Service 2014). Since pond construction peaked in the 1970s (Renwick 
et al. 2005, Renwick et al. 2006), many ponds may now need renovation. At present, there has 
been no evaluation of the possible effects of pond renovation on amphibian habitats in the U.S., 
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despite the potential threat it poses to amphibian communities in farm ponds. Balancing habitat 
succession, species-specific habitat requirements, and the agricultural functions of ponds may 
require a wider “pondscape” approach. The pondscape approach eschews the conventional focus 
on the conservation of individual high-value ponds in favor of a view of ponds as networks of 
aquatic habitat (Boothby 1997). While it has been adopted in parts of the United Kingdom (see 
Sayer et al. 2012), the pondscape perspective has yet to take root in the United States. 
To this end, our goal was to examine the potential for farm ponds to provide breeding 
habitat for amphibians and to explore the possible impact of pond renovation on habitat 
availability. We first used occupancy modeling to identify species-specific predictors of 
amphibian reproduction in farm ponds, including cover of wetland vegetation, pond slope, and 
water quality. We then used a chronosequence approach to understand the timing of habitat 
development and assess whether renovating 35-year-old ponds threatens amphibian habitat. We 
hypothesized that ponds without cattle or predatory fish, with gently sloping littoral zones, and 
with high levels of wetland vegetation would be more likely to be occupied by amphibian larvae. 
We also expected that amphibians would prefer ponds with a circumneutral pH. We 
hypothesized that older ponds (>35 years old) would generally possess more of the 
characteristics predictive of amphibian breeding use, thus putting suitable breeding sites at risk 
by renovation. Identifying the habitat characteristics associated with reproduction of amphibians 
and determining whether high-quality ponds are at risk from pond renovation are important steps 







We conducted this study on public lands within the Grand River Grasslands (GRG) in 
Ringgold County, Iowa (Fig. 2.3). The GRG region has been identified as the best opportunity to 
restore a functioning tallgrass prairie ecosystem (The Nature Conservancy 2012) due to the high 
proportion of land that is protected (15%; Duchardt et al. 2016). Ponds have been constructed 
throughout the region since at least the 1930s, and the region currently boasts the highest density 
of farm ponds in Iowa (>4 ponds/km2; T. Swartz, unpublished. data). We sampled ponds located 
in two protected areas in the GRG, the Kellerton Bird Conservation Area and the Ringgold 
Wildlife Management Area, which are both under the jurisdiction of the Iowa Department of 
Natural Resources (IDNR). The Kellerton Bird Conservation Area is dominated by grassland 
(~70%). The Ringgold Wildlife Management Area consists of mixed woodlands (28%) and 
grassland (52%). Our sample (n = 51) included ponds located on pastures leased by the IDNR to 
local cattle producers (n = 16) as well as those located on ungrazed grasslands (n = 24) and 
within mixed hardwood forest (n = 11). Mean age of study ponds was 46 years old, which was 
older than the average age of ponds located on adjacent private lands (33 years old; T. Swartz, 
unpublished data). Pond size averaged 1,468 m2. Climate in the region is characterized by hot 
summers (mean temperature 72.8 °F) and cold winters (mean temperature 25.8 °F), and average 
annual precipitation is 91 cm, with most (63%) of this precipitation occurring between May and 
September (PRISM Climate Group 2017). 
26 
 
Sampling Design  
We used a repeated sampling approach to determine the presence of populations of 
amphibians at our study sites. During the summers of 2016 and 2017, we surveyed each pond 
over an initial two-day sampling period, beginning on May 31. Ponds that still held water were 
surveyed during a second two-day sampling period approximately 30 d later, as time allowed. 
For logistical reasons, ponds were sampled in clusters (determined by proximity), and the 
sampling order of clusters was randomized and differed across years. In both 2016 and 2017, 46 
of the 51 ponds (90.2%) were sampled during both sampling periods.  
During each sampling period, we surveyed ponds for evidence of amphibian reproduction 
and predator presence using two types of funnel traps: collapsible polyethylene mesh hoop traps 
and modified steel minnow traps (see Swartz and Miller 2018). We deployed trapping effort in 
proportion to the pond perimeter. For ponds with perimeters <50 m, we deployed four steel 
minnow traps and one collapsible hoop trap. An additional trap of each type was added for every 
50-m increase in perimeter length. The median number of traps deployed was nine (six minnow, 
three hoop). In some cases, mid-summer pond drying led to a decrease in shoreline length 
between sampling periods, and so fewer traps were deployed. Traps were evenly spaced along 
the perimeter of the wetland and were placed within 1 m of the water’s edge. We checked traps 
every 24 h and recorded the abundance of all species and life stages of amphibians and fish. We 
classified fish as predatory (centrarchids, eocids, and salmonids) and non-predatory (cyprinids), 
after Hecnar and M'Closkey (1997). Handling of amphibians and fish complied with all 
applicable guidelines from the University of Illinois Institutional Animal Care and Use 




To assess how the biotic and abiotic characteristics affect amphibian breeding occupancy 
patterns, we measured a variety of habitat variables in the littoral zones of each pond. During 
each of the first sampling periods in 2016 and 2017, we measured habitat variables at the 
cardinal and intercardinal directions along the pond perimeter. Sampling consisted of vegetation 
quadrats (1m x 1m) placed in the pond at eight evenly spaced intervals. Within each quadrat we 
visually estimated percent cover of three categories of vegetation based on growth habit: 
emergent vegetation (rooted plants with stems and leaves extending above the water’s surface), 
submerged vegetation (plants with their biomass located below the surface), or floating 
vegetation (plants with most or all of their mass existing on the surface of the pond). At each 
quadrat location, we also measured pond depth at 1 m and 3 m along a transect perpendicular to 
the shoreline. We calculated within-wetland slope from these depths and averaged slope among 
quadrats. In 2017, we also measured water pH within each of the eight vegetation quadrats using 
an Oakton Instruments Multi-parameter PCSTestrTM 35 (Oakton Instruments, Vernon Hills, IL 
USA). We used information from the IDNR and the lessees to determine whether cattle had 
access to each pond, and we verified this information during surveys. 
 
Pond Size and Pond Age Estimation 
We used ESRI ArcMap (v10.5, Environmental Systems Research [ESRI], Redlands, CA) 
to determine the area and perimeter of each pond using 3-m resolution red, green, and blue 
(RGB) imagery (National Agricultural Imagery Program, United States Department of 
Agriculture, Farm Service Agency, 2015). Pond area was log-transformed for analyses. We also 
visually estimated the proportion of the pond edge that was covered by woody vegetation. 
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We used historical aerial imagery to determine the approximate age of each pond and 
construct a chronosequence of pond habitat development. Orthorectified imagery was acquired 
from the IDNR GIS Database (https://geodata.iowa.gov/) and the digital archives from the 
University of Iowa (http://ortho.gis.iastate.edu/). Aerial photographs of our study area are 
available for the following years: 1938, 1947, 1954, 1966, 1973, 1979, 1983, 1997, 2002, 2007, 
and 2015. Imagery from 1979 and earlier was produced from black and white (BW) photographs 
and imagery from 1983 and 2002 was produced from color infrared (CIR) photographs. RGB, 
BW, and CIR are equivalent for the purpose of pond age estimation. We assigned ponds to age 
classes based on the acquisition year of imagery in which they first appeared resulting in the 
following five age classes: <30 (n = 11), 30-39 (n = 6), 40-49 (n = 9), 50-59 (n = 16), and > 60 (n 
= 9) years old. 
In some cases (n = 10), it was evident that a pond had been renovated, as indicated by a 
change in pond size, location, or shoreline morphology between imagery periods. We assigned 
these ponds to the age class corresponding with their renovation date, not their year of initial 
construction, since renovated ponds are nearly identical in structure to newly built ponds (open 
water, little to no hydrophytic vegetation). This approach allowed us to determine the timing of 
habitat development from a baseline of the ‘disturbance’ event, regardless of whether the pond 
was constructed or renovated. 
 
Statistical Analyses 
We limited our breeding occupancy analyses to the summer-breeding species targeted by 
our sampling design. These focal species included Blanchard’s cricket frogs (Acris blanchardi), 
Cope’s/eastern gray treefrogs (Hyla chrysoscelis/versicolor, which are sympatric through much 
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of their range, including our survey area (Oberfoell and Christiansen 2001) and cannot be 
reliably differentiated in the field [Altig and McDiarmid 2015] ), plains leopard frogs (Lithobates 
blairi), and American bullfrogs (L. catesbeianus). 
For each of the four amphibian species, we used data from multiple occupancy surveys to 
model detection and breeding occupancy in package unmarked (Fiske 2011) in RStudio (v 
1.0.153), which allowed us to account for imperfect detection. We determined breeding 
occupancy status based on the presence of any larval, metamorphic, or juvenile amphibians. 
Initially, we attempted to generate dynamic (multiseason) occupancy models to estimate rates of 
extinction and colonization, in addition to detection and initial occupancy. However, multiseason 
models would not converge, likely because most species exhibited little turnover across sampling 
seasons (i.e., years). As a result, we chose to model detection and breeding occupancy rates using 
single-season occupancy models for each year of the study. We did not combine our 
observations into a single encounter history spanning both years, as doing so would violate the 
assumption that populations remain closed to changes in occupancy status during the primary 
sampling periods (MacKenzie et al. 2006).  
We first conducted analyses to select a model that accounted for variation in detection 
rate while holding occupancy rate constant. We generated a set of eight candidate models for 
detection, these included: a base ‘constant’ model without detection covariates. We also 
generated models with detection covariates including survey day within a sampling season (1–4), 
Julian date (calendar date of the survey day, to account for changes in breeding activity across 
the sampling season), temperature (mean temperature on the survey day, to account for changes 
in larval activity or habitat use due to temperature changes). We also generated additive models 
with temperature and survey day or Julian date and models including an interaction of 
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temperature with either Julian date or survey day. Other models included representing 
homogenous detection and a fully time-varying model. We used the Akaike Information 
Criterion corrected for small sample size (AICc) to rank models and select the best-supported 
detection model from our candidate set (ΔAICc ≤ 2). We repeated this procedure for each species 
in each year. The detection model with the most AICc support was then carried forward as the 
base ‘null’ model for modeling of breeding occupancy. 
To evaluate support for abiotic and biotic habitat variables potentially influencing 
amphibian breeding occupancy, we adopted a two-stage approach. We first selected the best-
supported explanatory variables from each category (abiotic or biotic, Table 2.1). Variables in 
competitive models were then carried forward to the second stage where we generated all 
additive combinations of the best-supported variables. We considered models within the 95% 
confidence set (cumulative Akaike weight [wi]) to be competitive. This approach allowed us to 
both identify the key biological and physical factors affecting amphibian breeding occupancy 
and also limit our final set of models to combinations of only well-supported variables, with the 
goal of diminishing the chance of producing spurious combinations of weakly-supported 
variables (Arnold 2010). Prior to implementing this approach, we verified that there was no 
correlation among habitat covariates (|r| > 0.70), so that multicollinearity among habitat variables 
was not an issue in the additive stage. Each variable was subsequently included as a covariate in 
a univariate model of breeding occupancy. 
This two stage approach was repeated to determine the best supported combination of 
variables influencing breeding occupancy for each species in each year. We calculated individual 
variable weights (wi) for each variable by summing the AICc weight for all models containing 
that variable. In most cases, the final stage did not yield a single best model (as determined by 
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ΔAICc ≤ 2.0). As a result, we used model averaging to generate beta estimates, unconditional 
standard errors, and 85% confidence intervals (after Arnold 2010) for each highly supported 
covariate.  
We used a chronosequence approach to determine whether habitat variables predicting 
breeding occupancy of amphibians varied by pond age and could therefore be impacted by 
renovation. We also tested for the effects of two additional predictor variables, proportion of 
pond edge with tree cover and cattle presence, since we suspected that these two variables could 
also affect the trajectory of wetland succession. Woody vegetation can limit the light available to 
herbaceous wetland vegetation (Sayer et al. 2012) and cattle are known to degrade vegetation, 
pond morphology, and water quality (Trimble 1994). For our response variables, we focused on 
five habitat measurements we expected could be impacted by successional processes: percent 
cover of emergent, submerged and floating vegetation, pond slope, and pH. Vegetation and slope 
measurements were averaged across years for each pond. We first used a one-way ANCOVA to 
test the effect of pond age class, edge tree cover, and cattle presence on the five habitat variables. 
We then conducted a post hoc Tukey’s test for pairwise comparisons to identify significant 
differences (α = 0.05) among age classes (after Ray et al. 2001). These analyses were conducted 
in in R studio (v. 10.0.153, package nlme; R Core Team 2015). 
 
RESULTS 
We detected larvae of nine of the ten species of native pond-breeding amphibians (Table 
2.2) recorded in the county (LeClere 2013). Only northern leopard frogs (Lithobates pipiens) 
were not detected in our surveys. Although our sampling was designed to target summer-
breeding species, we detected tadpoles of several spring-breeding anurans including American 
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toads (Anaxyrus americanus), spring peepers (Pseudacris crucifer), and boreal chorus frogs (P. 
maculata) in ponds sampled in early June.  
The farm ponds in our study exhibited a range of biotic and abiotic habitat characteristics. 
Cattle had access to 16 of the 51 ponds (31%). Pond ages ranged from 7 to 79 years, with a mean 
estimated age of 45.2 years (Table 2.3). Among the three vegetation classes, emergent vegetation 
was most prevalent. Common emergent plants included cattails (Typha spp.), common bur reed 
(Sparganium eurycarpum), and arrowheads (Sagittaria spp.). Submerged vegetation cover was 
dominated by common hornwort (Ceratophyllum demersum) and the macro-algae, muskgrass 
(Chara spp.). Common floating plant species included free-floating duckweeds (Lemna spp.) and 
watermeals (Wolffia spp.).  
Less than half of the ponds in our study supported populations of predatory or non-
predatory fish species. Seventeen ponds contained predatory fish (33%). Sunfish species 
(Lepomis spp.) were the most common, with green sunfish (Lepomis cyanellus) and bluegill 
sunfish (Lepomis macrochirus) being detected in 18% and 12% of ponds, respectively. 
Largemouth bass (Micropterus salmoides) were detected in 16% of ponds. We detected black 
bullhead (Ameiurus melas) in only one pond. Fathead minnows were the only species of non-
predatory fish encountered and were caught in 8% of ponds. 
 
Detection Rates and Breeding Occupancy   
Blanchard’s cricket frogs, a Species of Greatest Conservation Need (SGCN) in Iowa 
(Iowa Department of Natural Resources 2015), were encountered in about one-third of ponds in 
each year (31.4% for 2016; 29.4% for 2017). In both years, daily detection probability for this 
species was moderate, but was the lowest of the species we analyzed (Table 2.4). In 2016, 
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breeding occupancy of Blanchard’s cricket frogs was best explained by the additive model 
including percent cover of emergent vegetation and submerged vegetation (Table 2.5). In 2017, 
the best-supported model included emergent vegetation. In 2016, breeding occupancy was 
related positively to submerged vegetation and in both years occupancy was related positively to 
emergent vegetation (Table 2.6). Although there was sufficient support for pH to warrant its 
inclusion in the final model set, the effect was only weakly negative (Fig. 2.4). 
Cope’s/eastern gray treefrogs, also a SGCN in Iowa (Iowa Department of Natural 
Resources 2015) were observed in 27.4% of ponds in 2016 and 33.3% in 2017. In 2016, gray 
treefrog breeding occupancy was best explained by the additive model including percent cover of 
emergent vegetation and pond area (Table 2.5). In 2017, the model with the highest empirical 
support included percent cover of emergent vegetation and pH. In 2016, breeding occupancy was 
related negatively to pond area (Table 2.6) and in both years, percent cover of emergent 
vegetation had high individual variable weight and was related positively to gray treefrog 
breeding occupancy. In 2017, pH was negatively related to gray treefrog occupancy (Fig. 2.4). 
The breeding occupancy rates of plains leopard frogs exhibited the most interannual 
variation of the species that we analyzed (Table 2.4). In 2016, breeding occupancy of plains 
leopard frog larvae was best explained by the additive model including littoral zone slope and 
presence of cattle (Table 2.5). In 2017, the top model included percent cover of submerged 
vegetation and presence of fish. Plains leopard frog breeding occupancy was related positively to 
cattle presence and negatively to pond slope (Table 2.6). In 2017, occupancy probability was 
highest in ponds with low levels of submerged vegetation cover (Fig. 2.4). In 2017, fish presence 
was the best support biotic variable, but the effect was weak. 
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The American bullfrog was the most common species that we encountered, and it had the 
highest daily detection probability of the four species (Table 2.4). In 2016, occupancy of 
American bullfrog larvae was best explained by the model including upland tree cover and pond 
area (Table 2.5). In 2017, the top model included percent cover of floating vegetation and pond 
area. The variables with the highest individual weight in each year were upland tree cover (0.73) 
in 2016 and pond area (0.95) in 2017 (Table 2.6). In both years, breeding occupancy of this 
species was positively related to pond area (Fig. 2.4). In contrast, breeding occupancy was 
related negatively to floating vegetation cover, though the effect was weak in both years (Table 
2.6). 
 
Pond Age and Habitat Development 
Our chronosequence analysis indicated that some habitat characteristics varied among 
age classes of ponds. There were differences among pond age classes for pH and pond slope 
(Table 2.7). Results were mixed for vegetation: there was a marginally significant difference in 
emergent vegetation cover (p= 0.080) but there were no differences among age classes for 
floating and submerged vegetation cover (p> 0.83). Mean emergent vegetation cover tended to 
increase with pond age (Fig. 2.5A). In contrast, pond pH (Fig. 2.5D) and slope (Fig. 2.5E) both 
showed strong negative correlation with pond age.  
There were differences in both pH (p= 0.036) and pond slope (p < 0.001) by shoreline 
tree cover, and cattle presence had a significant effect on slope (p= 0.038) and submerged 
vegetation (p= 0.011). However, effect size for these two factors tended to be smaller than for 
pond age (based on eta-squared values, Table 2.7) and there were no significant interaction 
effects between pond age class and cattle presence or edge tree cover. Thus, the effects of pond 
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age can be considered distinct from those of cattle and tree cover. A post hoc Tukey test 
performed on variables with significant or marginally significant ANOVA results indicated that 
pH and slope were lower in ponds older than the renovation threshold age (~35 years old). While 
emergent vegetation did not show a uniform increase with pond age, average percent cover 
trended upwards in older ponds and only one pond younger than 40 years old had > 20% 
emergent vegetation cover. 
 
DISCUSSION 
The two key goals of this study were to identify the species-specific habitat components 
that make farm ponds suitable for amphibians and to explore the potential impact of pond 
renovation on habitat availability. It is clear from our results that farm ponds in the region can 
support amphibian populations. Our findings also support previous work that found certain 
practices, such as elimination of wetland vegetation, are likely detrimental to some amphibian 
species (Porej and Hetherington 2005, Shulse et al. 2010) and should be discouraged to 
maximize value of farm ponds for amphibian conservation. Our results also suggest that 
renovation is an underappreciated threat to amphibian habitat in farm ponds. This study 
highlights the importance of considering the balance between ecological and agricultural 
functions of sites when seeking to conserve wildlife in working agricultural landscapes. 
Farm ponds are designed to serve critical agricultural functions in the landscapes of the 
Central U.S. Management of ponds to maintain these functions will favor certain amphibian 
species and disadvantage others. For example, American Bullfrogs, the most common species in 
our study is a generalist species known to tolerate a wide range of habitat conditions (Casper and 
Hendricks 2005). We found that bullfrogs exhibited a strong preference for larger ponds, but 
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otherwise showed little association with other habitat conditions. This may be due to the fact that 
larger ponds are more likely to maintain high water levels and thus provide suitable 
overwintering habitat for bullfrog larvae (Casper and Hendricks 2005). Management of ponds to 
exclusively maintain high agricultural functioning (permanent water) will likely favor this 
common amphibian species. 
In contrast, two Species of Greatest Conservation Need in Iowa, eastern/Cope’s gray 
treefrogs and Blanchard’s cricket frogs, both bred in ponds with habitat conditions more 
characteristic of neglected, late-successional stages. In both years, Blanchard’s cricket frogs and 
gray treefrogs showed strong association with ponds with high levels of emergent vegetation. 
Our chronosequence analyses demonstrated that these emergent vegetation conditions developed 
almost exclusively in older ponds (> 40 years). Unfortunately, while favorable to certain 
amphibians, these conditions are perceived to hinder pond function. Limiting or eliminating 
wetland vegetation, often considered to be ‘weedy’, has long been a hallmark of farm pond 
management (Compton 1952, Leja 1998). Our study highlights the importance of emergent 
vegetation cover for conservation of these species. 
Another key habitat component predictive of gray treefrog breeding was pond pH. 
Treefrogs bred almost exclusively in ponds with a circumneutral pH (7–8). Selection of these 
sites may reflect the deleterious effect of pH on sperm motility, egg hatch rate, and larval 
development. Recruitment rates can be greatly reduced in sites where pH is outside of a tolerable 
range (Pierce 1985, Freda 1986). The association of gray treefrogs with circumneutral pH 
conditions raises an important conservation issue. Since suitable conditions for gray treefrogs 
developed only in the two oldest pond age classes (50-59 and 60+ years old), renovation of older 
ponds would remove suitable gray treefrog breeding sites from the landscape. While pondowners 
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are unlikely to actively manage their ponds for specific pH conditions, renovating aging ponds 
nevertheless removes ponds with favorable pH conditions from the landscape. 
Cattle and fish, while considered to be the key factors limiting the conservation value of 
farm ponds for amphibians (Leja 1998), did not feature prominently in our results. Only plains 
leopard frogs showed a response to cattle or fish presence. Surprisingly, this species was more 
than twice as likely to occur in cattle ponds in 2016. We are not certain as to the reason for this 
association, though it may be partly due to the low stocking rate of cattle in our system. Our 
ponds are located on pastures where cattle are grazed at reduced stocking rates (2.5 animal unit 
months/ha; Duchardt et al. 2016) to facilitate grassland restoration and management (Miller et al. 
2012, Duchardt et al. 2016). At these low stocking rates, cattle may create habitat conditions 
favorable to leopard frogs without causing the severe negative impacts reported in other studies. 
Indeed, we found that cattle presence had a moderate effect on pond slope and submerged 
vegetation cover, two variables also associated with leopard frog breeding occupancy. However, 
these results should be interpreted with caution. In our system, we could not compare the effects 
of high and low stocking rate on amphibian occupancy and comparisons with Knutson et al. 
(2004) are challenging since stocking rates are not reported in that study.  
Furthermore, we did not assess any of the sublethal or indirect effects associated with the 
presence of cattle (Schmutzer 2007). Similarly, the weak negative response of plains leopard 
frogs to fish, and the lack of any notable response of other species to fish presence does not 
necessarily indicate that either of these factors is completely without risk to the amphibian 
community. There is evidence that the species we focused on are more resilient to fish invasion 
than other members of the community (Lannoo 1998). Other studies indicate that as a general 
rule, both cattle and fish tend to degrade amphibian habitats, not improve them, and should be 
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excluded from farm ponds (Knutson et al. 2004, Giuliano 2006). However, our results raise the 
possibility that livestock watering and amphibian conservation could be compatible in situations 
where cattle can be grazed at low stocking rates and for the amphibians we studied, predatory 
fish presence does not appear to play a large role in amphibian breeding occupancy.  
The potential challenges for balancing amphibian conservation and agricultural function 
of farm ponds underscore the potential importance of a landscape perspective on pond 
conservation, sometimes referred to as a “pondscape” approach (Sayer et al. 2012). While each 
pond may offer suitable habitat for a subset of the regional species pool, it is unlikely, and 
unnecessary, for every site to support all species (Boothby and Hull 1997, Hassall et al. 2012). A 
functional pondscape contains a heterogeneous collection of ponds, representing a suite of 
habitat types and successional states.  
The issue of renovation highlights the need for a pondscape approach to pond 
conservation and management. As ponds enter later successional stages, their agricultural 
function declines (Renwick et al. 2006, Chumchal and Drenner 2015) but their capacity to 
provide suitable breeding habitat for species like gray treefrogs and Blanchard’s cricket frogs 
increased. For amphibian conservation, retaining these older ponds is a priority. In contrast, the 
proliferation of late-successional ponds conflicts with protecting against drought, which is key 
concern for many farmers (Coon et al. 2018). For many landowners, conserving amphibians 
likely comes secondary to other goals, like cattle production, fishing, soil conservation, or 
drought resilience. Each of these targets, including amphibian conservation, could be met within 
a functional pondscape, even if a single pond only supplies a subset of these functions. For 
example, ponds on productive cattle pastures or in erosion-prone watersheds could be maintained 
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in early successional states. At the same time, ponds less critical to the farm enterprise could be 
reserved as amphibian habitat and permitted to reach later successional conditions.  
A pondscape approach to pond management would represent a major change from 
current practice in the United States. Today, farm ponds are excluded from wetland protections 
under the Clean Water Act (Clean Water Act 1972) and integration into regional amphibian 
conservation strategies remains a challenge due to their anthropogenic nature (Kingsbury and 
Gibson 2012). Moving forward, pond conservation initiatives in Europe could provide a template 
for a pondscape approach. At Manor Farm in Norfolk, United Kingdom, pondscape 
heterogeneity is maintained by periodic removal of sediments and overgrown vegetation, 
ensuring that sufficient early- and mid-successional habitats are present (Sayer et al. 2012). In 
the U.S., where fewer late-successional ponds are present, pondscape management would focus 
on allowing ponds to mature despite the decrease in agricultural function that accompanies pond 
habitat development. Nevertheless, the goal is to maintain a pondscape comprised of sites at 
various stages of succession.  
The Conservation Reserve Program (CRP) could provide a template for a policy 
mechanism for promoting pondscape management. The CRP provides incentives for landowners 
to take agricultural lands out of production and reserve them as wildlife habitat for up to 30 
years. As part of the program, landowners are required to perform mid-contract management 
activities focused on managing the successional state of the site (for example, Matthews et al. 
2012) . A similar approach to incentivize a succession-based management program for farm 
ponds could yield considerable benefits for biodiversity conservation. 
As the most pond-rich region of the United States, the eastern Great Plains hold 
substantial potential for conservation of aquatic flora and fauna, including amphibians. However, 
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there are also challenges to achieving this potential because farm ponds are principally 
agricultural tools. Our study provides initial information about amphibian use of farm ponds, but 
also raises several important questions about conservation of farm pond amphibians. This study 
is the first to acknowledge and describe the threat that pond renovation could pose to amphibian 
communities in U.S. farm ponds, but wider assessment of this threat, including both its social 
drivers and ecological outcomes, is needed. The attitudes and behavior of landowners define the 
quality and availability of amphibian habitat on private lands, and understanding the extent to 
which landowners are willing to adopt new management strategies to conserve amphibians in 
their ponds remains a critical research goal.  
 
CONCLUSIONS 
Farm ponds in the eastern Great Plains provide breeding habitat for amphibians, 
including species that have declined elsewhere in the Central US. However, breeding use varied 
by species. Two species of conservation concern in Iowa selected ponds with vegetation and 
abiotic conditions characteristic of later successional stages. By combining breeding occupancy 
analyses with chronosequence data, we assessed the potential effects of pond renovation on 
amphibian habitat and found evidence that persistence of some amphibian species could be 
threatened by the renovation. In contrast, two other species preferred larger or more open 
habitats. Contrary to our expectations, the effects of fish and cattle were not uniformly negative 
and there appears to be room to balance the agricultural functions of farm ponds with amphibian 




FIGURES AND TABLES 
Figure 2.1. Distribution of small freshwater ponds in the United States mapped by USGS 24k 
Quadrangle. Includes all waterbodies ≤ 1 ha from the National Hydrology Dataset, after 
(Chumchal et al. 2016). Ponds are concentrated in the eastern portion of the Great Plains 




Figure 2.2. Generalized schematic for the impact of pond renovation on pond succession and 
community development. Embankment ponds are formed by creating an embankment across a 
natural valley using heavy machinery (1). Over time, the ponds fill with water and the wetland 
plant community begins to establish (2). As ponds age, they gradually shift from open water, 
permanent habitats to temporary, heavily vegetated wetland habitats (3). At any point during 
succession, a landowner may choose to divert a pond from its successional trajectory and 
effectively ‘reset’ the ponds biophysical characteristics and restore its agricultural functions. 
During renovation, the pond basin is drained (4), the bottom is dredged, and the embankment is 





Figure 2.3. Location of study sites (N=52) in the Grand River Grasslands of the eastern Great 
Plains in southern Iowa. Sites were located on two parcels managed by the Iowa Department of 






Figure 2.4. Model-averaged predicted breeding occupancy probability and 85% confidence 
intervals for four species of pond-breeding amphibians by best-supported site covariates. Habitat 







Figure 2.5. Mean values for key habitat variables by pond age class. Error bars represent 
standard error. Different letters denote significant differences among groups using Tukey’s 
method for pairwise comparisons. Significance was determined based on an alpha level of 0.05. 
It should be noted that while there were no significant differences among age classes for 
emergent vegetation (A), very few young ponds (< 39 yrs) contained high levels of emergent 
vegetation cover (>25%). Dashed line denotes the renovation threshold, or the age (~40 years) 
after which renovation is typically used to restore agricultural function. See Table 1 for habitat 






Table 2.1. Description of pond habitat variables used in breeding occupancy analyses including 
literature providing justification for their selection 
 
Category Variable  Explanation Justification 
Abiotic pH- pH of pond littoral zone, 
measured within quadrats along 
edge 
pH can affect viability of 
eggs as well as larval 
development 
(Sparling 2010) 
Slope- average slope of the pond 
bottom within 3m of the shoreline 
Shallow littoral areas can 
provide habitat for foraging 
and refuge from predators 
(Adams et al. 2003, Porej and 
Hetherington 2005, Shulse et al. 
2010) 
Cattle- presence or access of cattle 
with direct access to the pond 
Cattle can trample egg 
masses and indirectly 
impact amphibians by 
trampling microhabitat 
(Trimble 1994, Trimble and Mendel 
1995, Knutson et al. 2004) 
LogArea- log-transformed surface 
area of pond 
Pond size can impact 
colonization (target effects) 
as well as hydrological 
dynamics that affect 
amphibian breeding use 
(Semlitsch and Bodie 1998, Shulse 
et al. 2010) 
Biotic Emergent- average percent cover of 
emergent macrophytes 
Wetland vegetation creates 
structure in the aquatic 
environment, providing 
foraging habitat and refuge 
from predators 
(Knutson et al. 2004, Shulse et al. 
2010) 
Submerged- average percent cover 
of submerged macrophytes 
Floating- Average percent cover of 
floating macrophytes 
Fish- presence or absence of 
predatory fish, including: sunfish 
(Lepomis spp.), largemouth bass 
(Micropterus salmoides), and 
Brown Bullhead (Ameiurus 
nebulosus) 
Fish are important 
predators of amphibian 
eggs, larvae, and adults 






Table 2.2. Naïve breeding occupancy rates for nine species of amphibians captured in farm 
ponds in Ringgold County, Iowa, during surveys in the summers of 2016 and 2017. 
 
 Naïve Occupancy Rate (%) 
Species 2016 2017 
American bullfrog 34 (66.7) 39 (76.4) 
American tiger salamander 1 (2.0) 1 (2.0) 
American toad 2 (3.9) 5 (9.8) 
Blanchard’s cricket frog 16 (31.4) 15 (29.4) 
Boreal chorus frog 5 (9.8) 5 (9.8) 
Gray treefrog spp. 14 (27.4) 17 (33.3) 
Plains leopard frog 11 (21.6) 16 (31.3) 
Smallmouth salamander 0 (0) 1 (2.0) 





Table 2.3. Habitat variables and statistics measured at study ponds located in Ringgold County, 
Iowa, and surveyed in the summers of 2016 and 2017. Values are averaged across the study 
years.  
 
Variable Year Mean Min Max SD 
Pond Age (yrs) - 45.20 7.00 79.00 17.76 
Slope (rise:run) 2016 0.13 0.00 0.36 0.07 
2017 0.12 0.02 0.23 0.05 
pH 2017 8.70 6.94 10.95 1.06 
Pond Area (m2) - 1468.13 205.02 22299.75 4458.51 
Emergent Vegetation Cover (%) 2016 17.13 0.00 66.25 18.50 
2017 15.85 0.00 71.25 17.69 
Submerged Vegetation Cover (%) 2016 9.47 0.00 100.00 20.59 
2017 8.30 0.00 73.13 14.71 
Floating Vegetation Cover (%) 2016 11.67 0.00 100.00 25.25 





Table 2.4. Year-specific detection probability, detection covariates, and naïve and adjusted 
breeding occupancy rates for four amphibians species captured in farm ponds (n = 51) in 
Ringgold County, Iowa, in 2016 and 2017. 
 
Species Year Daily Detection 
Probability (SE) 






Blanchard’s cricket frog 2016 0.42 (0.08) Temp + Julian 0.31 0.33 (0.07) 
 2017 0.54 (0.08) Julian 0.29 0.31 (0.07) 
Gray treefrog spp. 2016 0.59 (0.07) Temp 0.27 0.28 (0.06) 
 2017 0.62 (0.06) Temp 0.35 0.35 (0.07) 
Plains leopard frog 2016 0.53 (0.09) Constant 0.22 0.23 (0.06) 
 2017 0.60 (0.07) Temp + Julian 0.31 0.34 (0.07) 
American bullfrog 2016 0.57 (0.05) Constant 0.69 0.70 (0.07) 





Table 2.5. Analysis of single season occupancy models using AICc for four species of 
amphibians from farm ponds in Ringgold County, Iowa, in the summers of 2016 and 2017.  Only 
models with substantial support are presented (ΔAICc ≤ 4.0). Models presented by species and 
by year (2016 or 2017, year denoted with subscript) W = Akaike weight, interpreted as the 
probability that the given model is the best-approximating model of the candidate set; K = the 
number of estimable parameters in the model, including the intercept; % Deviance = the 





c W K Deviance 
% 
Deviance 
Blanchard's cricket frog2016 Emergent + Submerged 0.00 0.96 6 -52.98 13.56% 
 Submerged 6.86 0.03 5 -57.70 5.86% 
 Emergent 9.12 0.01 5 -58.83 4.02% 
 Null 11.58 0.00 4 -61.30 0.00% 
Blanchard's cricket frog2017 Emergent 0.00 0.66 4 -54.18 7.64% 
 Emergent + pH 1.75 0.27 5 -53.83 8.25% 
 pH 5.41 0.04 4 -56.89 3.02% 
 Null 6.60 0.02 3 -58.66 0.00% 
Gray Treefrog spp. 2016 Emergent + LogArea 0.00 0.84 5 -52.90 15.22% 
 Emergent 3.38 0.15 4 -55.82 10.54% 
 LogArea 9.06 0.01 4 -58.66 5.98% 
 Null 14.17 0.00 3 -62.39 0.00% 
Gray Treefrog spp. 2017 Emergent + pH 0.00 0.96 4 -53.52 28.76% 
 pH 6.53 0.04 3 -57.96 22.84% 
 Emergent 25.19 0.00 3 -67.29 10.42% 
 Null 38.59 0.00 2 -75.12 0.00% 
Plains leopard frog2016 Cattle 0.00 0.62 3 -49.95 7.64% 
 Slope + Cattle 1.59 0.28 4 -49.57 8.35% 
 Slope 4.45 0.07 3 -52.18 3.52% 
 Null 6.00 0.03 2 -54.09 0.00% 
Plains leopard frog2017 Submerged 0.00 0.59 5 -60.53 5.97% 
 Submerged + Fish 1.28 0.31 6 -59.88 6.98% 
 Fish 4.75 0.05 5 -62.91 2.28% 
 Null 5.22 0.04 4 -64.37 0.00% 
51 
 
Table 2.5 (cont.). 
American bullfrog2016 LogArea 0.00 0.42 3 -117.11 1.83% 
 Floating + LogArea 0.76 0.29 4 -116.31 2.50% 
 Floating 2.02 0.15 3 -118.12 0.99% 
 Null 2.12 0.14 2 -119.30 0.00% 
American bullfrog2017 Floating + LogArea 0.00 0.53 4 -116.33 4.58% 
 LogArea 0.40 0.43 3 -117.71 3.45% 
 Floating 6.08 0.03 3 -120.55 1.12% 




Table 2.6. Individual variable weights and model-averaged parameter estimates for biotic and 
abiotic variables predicting breeding occupancy of four amphibian species in 2016 and 2017. wi 
= summed individual variable weight 
 
Species Parameter wi β SE 
85% Confidence Interval 
Lower Upper 
Blanchard's cricket frog2016 Submerged 0.99 0.07 0.03 0.02 0.11 
Emergent 0.97 0.06 0.02 0.03 0.09 
Blanchard's cricket frog2017 Emergent 0.93 0.05 0.02 0.02 0.09 
pH 0.32 -0.35 0.38 -0.91 0.20 
Gray Treefrog spp.2016 Emergent 0.99 0.07 0.02 0.04 0.10 
LogArea 0.85 -2.57 1.21 -4.31 -0.84 
Gray Treefrog spp.2017 Emergent 0.96 0.12 0.06 0.04 0.21 
pH 1.00 -5.43 2.5 -9.02 -1.83 
Plains leopard frog2016 Cattle 0.90 2.05 0.81 0.89 3.21 
Slope 0.35 -7.57 7.77 -18.75 3.61 
Plains leopard frog2017 Submerged 0.90 -0.12 0.07 -0.21 -0.02  
Fish 0.37 -0.93 0.8 -2.07 0.22 
American bullfrog2016 LogArea 0.70 1.96 1.17 0.28 3.63 
Floating 0.44 -0.02 0.02 -0.04 0.00 
American bullfrog2017 
  
LogArea 0.96 3.46 1.38 1.48 5.45 





Table 2.7. Results of a one-way ANCOVA on five pond habitat variables for pond age (by 
class), edge tree cover, and cattle presence.  
 
 Pond Age (df= 6) Edge Tree Cover (df=1) Cattle Presence (df=1) 
Variable MS 
F 
value p η2 MS F value p η2 MS F value p η2 
Emergent 472.395 2.052 0.080* 0.189 537.083 2.333 0.134 0.108 502.182 2.181 0.147 0.063 
Floating 271.557 0.471 0.826 0.032 467.694 0.812 0.373 0.005 56.184 0.097 0.756 0.008 
Submerged 60.256 0.283 0.942 0.004 115.082 0.540 0.467 0.071 980.074 4.596 0.038** 0.100 
pH 3.445 4.590 0.001*** 0.383 3.512 4.679 0.036** 0.065 0.019 0.025 0.875 0.002 
Slope 0.006 3.522 0.007*** 0.301 0.024 13.300 0.001*** 0.086 0.013 7.097 0.011** 0.103 
Note: MS = Mean Squares; * p <0.1, ** p <0.05, *** p <0.001. Suggested norms for partial eta-squared (η2) effect size: small = 0.01; medium = 
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CHAPTER 3 – WHY WE NEED THE NOVEL ECOSYSTEMS CONCEPT: A CASE 
STUDY OF FARM PONDS IN THE CENTRAL UNITED STATES2  
 
ABSTRACT 
Human alteration of natural systems has led to the proliferation of ecosystems that lack 
historical analogs and are comprised of novel components. The term “novel ecosystems” has 
emerged to describe these systems and to provide framework for understanding their place 
within restoration ecology and conservation. However, some argue that the novel ecosystem 
concept poses a critical threat to classical restoration practices, current definitions of novel 
ecosystems are too imprecise to be useful, and the concept lends no practical guidance for 
ecosystem management and conservation. Here, we use the farm ponds of the U.S. Great Plains 
as a lens to explore the applicability and utility of the novel ecosystems concept. These ponds are 
constructed to perform agricultural functions, but over time, benign neglect leads to the 
development of wetland ecosystems within farm ponds. These ecosystems are characterized by a 
variety of novel components, including predatory fish, cattle, invasive species and minimal 
human management. We argue that these aspects and others qualify farm ponds as novel 
ecosystems and that the novel ecosystems concept creates a framework for managing these 
ecosystems for a wide range of ecosystems services. We conclude by providing some avenues 
for farm pond restoration and conservation in light of their novel attributes. The novel 
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ecosystems concept could provide a path forward to incorporating these ubiquitous but 
understudied ecosystems into current restoration and conservation frameworks. 
 
INTRODUCTION 
Within the restoration community there has been growing recognition that successful 
ecological restoration is not always achievable due to a range of practical considerations 
(Seastedt et al. 2008, Suding 2011, Hobbs et al. 2013, Miller and Bestelmeyer 2016). Restoration 
can stall due to a range of ecological, logistical, or social factors and in some cases, may even be 
undesirable, especially if local stakeholders will experience a loss of valuable functions and 
services provided by the altered ecosystem. In short, not all ecosystems can be restored to 
historical states or trajectories. But what is to be done with these unrestored ecosystems? 
Some such ecosystems have been dubbed “novel ecosystems”, which are systems of 
“abiotic, biotic, and social components (and their interactions) that, by virtue of human 
influence, differ from those that prevailed historically, having a tendency to self-organize and 
manifest novel qualities without intensive human management” (Hobbs et al. 2013). The goal of 
proponents of the novel ecosystems concept is to provide a framework wherein alternative 
desirable outcomes are considered for these un-restorable ecosystems, thereby providing a 
justification for managers to reconsider previously neglected ecosystems and evaluate a wider 
array of options for retrieving, enhancing, and protecting the value of the altered ecosystems they 
manage. 
On the other hand, some argue that the novel ecosystem concept poses a critical threat to 
classical restoration practices (Murcia et al. 2014). The novel ecosystems concept has thus 
inspired vocal opponents who caution that admitting novel ecosystems into the realm of 
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restoration ecology endangers current and future restoration efforts (Murcia et al. 2014, 
Simberloff 2015). Some deem the novel ecosystems concept a “Trojan Horse” that could distract 
from or even undermine efforts to restore damaged ecosystems to historical trajectories (Murcia 
et al. 2014, Simberloff 2015). Despite these dire prognostications, the gate has been opened and 
many practitioners of ecological restoration and conservation increasingly make use of the novel 
ecosystems concept in their work (Miller and Bestelmeyer 2017). 
While the capacity of the novel ecosystems concept to provoke spirited debate has 
become apparent, its role in guiding management decisions remains uncertain (Higgs 2016, 
Miller and Bestelmeyer 2016, 2017). Opponents of the concept maintain that there are few (if 
any) examples of novel ecosystems (Murcia et al. 2014, Simberloff et al. 2015). They also argue 
that the concept has yet to prove its “pragmatic value” (Kattan et al. 2016). The examples put 
forward by Murphy (2013), Graham et al. (2014), Morse et al. (2014), Palta et al. (2017) and 
others notwithstanding, we agree that there is still uncertainty concerning which altered 
ecosystems should be considered “novel” and how that should or will affect their management. 
Here, we use the farm ponds of the U.S. Great Plains as a case study to explore the novel 
ecosystems concept. Farm ponds represent a substantial proportion of extant aquatic habitats in 
the region (Dahl 1990, Smith et al. 2002, Gallant et al. 2011) and have made significant 
contributions to recent gains in wetland acreage nationwide (Dahl 2011). Farm ponds have been 
neglected by managers (Leja 1998) and ignored by scientists (Downing 2010) and regulators (see 
Clean Water Act 1972), despite growing recognition of their critical role in the hydrology, 
sedimentology, geochemistry, and ecology of landscapes (Smith et al. 2002, Boyd et al. 2010, 
Biggs et al. 2016). We contend that this oversight is due in part to ponds not fitting comfortably 
into the conventional framework of ecological restoration, which has been biased toward 
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restoring “natural” ecosystems (see Chumchal and Drenner 2015). Farm ponds thus provide an 
opportunity to apply the novel ecosystems concept to a ubiquitous but undervalued ecosystem. 
Consequently, our goal is to describe the history, distribution, and ecology of farm ponds in light 
of the novel ecosystems concept, basing our considerations on the definition provided by Hobbs 
et al. (2013). We will also discuss the challenges of applying classical restoration frameworks, 
like historical analogs, to farm ponds. We conclude by defending the assertion that without the 
novel ecosystem concept, scientists, practitioners, and policy makers will continue to ignore farm 
ponds and forgo opportunities to enhance the health and integrity of agricultural landscapes of 
the Great Plains. 
 
ARE FARM PONDS NOVEL ECOSYSTEMS? 
To determine whether the novel ecosystems concept is appropriate to describe farm pond 
ecosystems, we will begin by describing the clear anthropogenic origins of farm ponds, and how 
they differ from ecosystems that historically characterized Great Plains landscapes. We will then 
address various aspects of the novel ecosystems definition by describing the novel components 
that characterize these ecosystems and how farm pond ecosystems self-organize and manifest 
further novel qualities. We will conclude this section by describing how the lack of intensive-
human management further distinguishes these systems as novel ecosystems.  
 
The History of Farm Ponds in the Great Plains 
While farm ponds are now a ubiquitous feature of the landscapes of the Great Plains 
(Smith et al. 2002, Chumchal et al. 2016), they were essentially non-existent until the late 1930s. 
In the aftermath of the Dust Bowl there was widespread recognition of the need to reform land-
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use practices throughout the agricultural regions of the United States to prevent future calamities. 
These efforts initially focused on halting soil erosion, and involved the formation of a new 
federal agency, the American Soil Conservation Service (ASCS, now the Natural Resources 
Conservation Service [NRCS]) to coordinate these efforts at a national level. The ASCS 
encouraged the construction of farm ponds (Fig. 3.1), which provided water for livestock and 
allowed high-erosion cropland to be converted to more resilient rangeland and pastureland 
(Compton 1952, Agricultural Stabilization and Conservation Service 1981, Helms 1992). Farm 
ponds also directly captured sediment-laden runoff and prevented the formation of gullies (Leja 
1998, Renwick et al. 2006). Ponds provided critical ecological services at a time of 
environmental crisis and rapidly secured their place as a primary tool in the ASCS toolbox. 
 
The Components of Farm Pond Ecosystems Differ from Those That Prevailed Historically 
These new farm ponds were specifically designed to support agricultural activities, and 
their geomorphology and hydrology continue to reflect the agricultural functions they were 
intended to perform (Table 3.1). The foremost among these functions is reliable water storage 
that is maintained by constructing farm ponds with steep banks and deep basins that exhibit little 
seasonal change in water levels (Deal et al. 1997, Renwick et al. 2006, Chumchal and Drenner 
2015). In this way, farm ponds differ markedly from other natural wetlands of the Great Plains 
that exhibit dramatic fluctuations in water levels throughout the year (see Winter 1989). Water 
permanence, in turn, facilitates the development of many of the key distinguishing biological 
components of farm ponds (Chumchal and Drenner 2015). The steep banks of farm ponds 
compress the hydrological gradient and confine emergent vegetation to the pond edges, where 
the water is shallower and that are exposed during drier months. Whereas prairie potholes 
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typically have extensive vegetated shallows (Kantrud et al. 1989), equivalent cover of emergent 
plants typically only develops in farm ponds that have experienced decades of sedimentation and 
bank erosion. 
When vegetative communities develop in farm ponds, they are usually comprised of a 
mix of native and exotic species, as is typical of many novel ecosystems (Richardson and 
Gaertner 2013). Native pondweeds (Potamogeton spp.), duckweeds (Lemna spp.), and broadleaf 
cattail (Typha latifolia) can often be found alongside exotic species including common reed 
(Phragmites australis), reed canary grass (Phalaris arundinacea), curly pondweed (Potamogeton 
crispus), and narrowleaf cattail (Typha angustifolia). While invasive species create dense 
monocultures and exclude native species in some ponds, this is not always the case, and the plant 
community of many ponds appears to be comprised of both native and exotic species (Iowa 
Department of Natural Resources 2014, Runkel and Roosa 2015). 
The plant communities of farm ponds provide habitat structure and facilitate the 
colonization of the pond by an array of native wildlife species. Much like any natural wetland, 
the typical farm pond community includes aquatic insects, songbirds, herons, waterfowl, reptiles, 
amphibians, and fish (Chumchal and Drenner 2015). Many of these are species that are native to 
at least some portion of the Great Plains but are specially adapted to the conditions of permanent 
inundation and therefore thrive in farm ponds. In some notable cases, the proliferation of farm 
ponds has facilitated range expansion of native species beyond their historic distributions. For 
example, farm ponds provide ideal breeding habitat for American bullfrogs (Lithobates 
catesbeianus), due to this species lengthy larval stage (Lannoo 1996, 1998). Bullfrogs often 
overwinter as larvae and cannot successfully breed in wetlands that do not remain inundated 
year-round. While humans are credited with their initial introductions to the Upper Midwest, 
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their subsequent expansion is thought to be due to the availability of constructed permanent 
ponds (Lannoo 1998). While not a flagship species for the conservation value of farm ponds, the 
bullfrog’s exploitation of these permanent aquatic habitats serves as well-documented example 
of the potential impacts of pond construction on aquatic organisms. 
Similarly, farm ponds are ideal habitat for many species of gamefish. Species like 
sunfishes (Lepomis spp.), largemouth bass (Micropterus salmoides), and bullhead catfishes 
(Ameiurus spp.) are rarely found in shallow natural wetlands, which usually experience seasonal 
hypoxia (Peterka 1989). Moreover, all fish are completely excluded from semi-permanent and 
temporary wetlands that experience seasonal drying. In contrast, farm ponds that maintain high 
water levels year-round provide reliable habitat for these species. Gamefish have been 
introduced to farm ponds for nearly a century and are culturally important species (Swingle 
1952, 1970). These introductions have significant implications for the rest of the biological 
community because these species are voracious predators of amphibians and macroinvertebrates 
(Lannoo 1996). Predatory gamefish are therefore regarded as a principle driver of farm pond 
community composition (Lannoo 1996, Chumchal and Drenner 2015). 
Domestic cattle (Bos taurus) are also introduced species in farm ponds that have 
substantial impact on the structure and function of the farm pond ecosystem. Historically, the 
closest analog to cattle, the American plains bison (Bison bison), also shaped the wetlands of the 
Great Plains ‒ while dust-bathing, bison compressed exposed prairie soils and created wallows 
(depressions) that subsequently developed into seasonal wetlands (Uno 1989). Today, cattle and 
bison interact with wetlands in strikingly different ways (Plumb and Dodd 1993). Whereas bison 
tend to avoid ponds and riparian zones (Allred et al. 2011), cattle exhibit a strong preference for 
wooded stream corridors and pond edges (Trimble and Mendel 1995). When access is 
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unrestricted, they impact pond geomorphology by trampling pond margins and degrade water 
chemistry by defecating in the water and uprooting wetland vegetation. Cattle-accessible ponds 
tend to have increased turbidity, nitrogen, and phosphorous concentrations (Trimble and Mendel 
1995, Knutson et al. 2004, Schmutzer et al. 2008). Cattle presence has been linked to altered 
amphibian and macroinvertebrate assemblages in farm ponds (Knutson et al. 2004, Campbell et 
al. 2009), indicating their likely role as key engineers of these novel ecosystems. 
 
Farm Ponds Have the Tendency to Self-organize and Manifest Novel Qualities 
So far, we have discussed some of the novel components of farm pond ecosystems that 
originate either from direct human action (predatory fish and cattle introductions) and natural 
colonization processes (including macrophytes, amphibians, and birds). These processes result in 
spatial dynamics in community composition of farm ponds, with ponds comprised of different 
components depending on history of human action or natural colonization. However, farm pond 
ecosystems and the communities they support are also temporally dynamic, exhibiting distinct 
changes as farm ponds mature. This maturation process, or “pond ontogenesis” is largely driven 
by the abiotic process of sedimentation (Chumchal and Drenner 2015). Runoff deposits 
sediments on the pond bottom and as these sediments build up, the pond gradually grows 
shallower. Ultimately, extensive sedimentation can lead to a shift in the hydrologic regime of 
farm ponds, with some ponds in the later stages of ontogenesis transitioning to semi-permanent 
or even temporary habitats (Chumchal and Drenner 2015). These sedimentation-driven changes 
have important implications for the other ecosystem components we have discussed (Fig. 3.2). 
Large, predatory gamefish species may be extirpated from hypoxia-prone semi-permanent ponds, 
and American bullfrogs may be unable to reproduce successfully in semi-permanent and 
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temporary ponds due to their lengthy larval development period, while other amphibian species 
may thrive (Lannoo 1996, 1998). The composition of the wetland plant community also shifts as 
more shallow-water areas become available (see Toyama and Akasaka 2017). Early colonizers 
such as submerged pondweeds may be excluded from mature ponds as water levels are no longer 
sufficient to support them. 
While the existence of this pattern of ontogenesis in farm pond ecosystems is itself not 
particularly novel, it does support the notion that farm ponds are self-organizing, another 
stipulation of the novel ecosystems concept. What is notable about farm ponds is that these 
ecosystems develop and shift at a remarkably rapid rate. For example, Renwick et al. (2006) 
found evidence that in agricultural landscapes in Ohio and Kansas infilling rates are so rapid that 
ponds can transition from open water ecosystems to fully terrestrial ecosystems within 50 years. 
In southern Iowa, we have observed similarly rapid rates of infilling and have noted that older 
ponds (>40 years) tend to have shallow, densely vegetated littoral zones compared to the steep, 
barren banks of newer ponds (Chapter 2, Results). In contrast, prairie pothole wetlands, which 
originated during the Wisconsin glaciation, have persisted for nearly 10,000 years (Winter 1989). 
The rapid rate of infilling exhibited by farm ponds is likely linked to the tendency for farm ponds 
to be constructed in hilly agricultural regions to counteract the elevated soil erosion rates (Smith 
et al. 2002, Gallant et al. 2011). Our understanding of the implications of this rapid infilling for 
farm pond community composition and development is in its early stages, but suggests that the 




Farm Ponds are Not Subject to Intensive Human Management 
Given that farm ponds possess a suite of abiotic, biotic, and social components that differ 
from historical wetland ecosystems of the Great Plains, we are faced with the question of 
whether these novel components and their interactions persist without intensive human 
management. This question is highly salient to the novel ecosystems discussion, since human-
altered ecosystems that must be maintained through constant management, such as row crop 
fields, are not considered to be novel ecosystems (Hobbs et al. 2009).  
Evaluating the extent to which farm ponds are managed is challenging. While the U.S. 
Fish and Wildlife Service, the NRCS, and other state and federal agencies provide detailed 
guidelines on best practices for farm pond management (Deal et al. 1997), few studies have 
examined the extent to which landowners actually implement these practices. Based on the scant 
evidence that is available, farm pond management appears to be minimal, and cannot be 
considered “intensive” in any sense (Schonrock 2005, Goldberg and Waits 2009, Haley et al. 
2012). Landowner investment in their ponds is concentrated in the construction phase but wanes 
swiftly when excavation is completed (Gosnell et al. 2007), and pond owners generally expend 
minimal resources managing their ponds (Haley et al. 2012). Over two-thirds of Texas 
landowners reported that they spent less than $100 per acre of pond per year on pond 
management, including manipulation of vegetation or water chemistry, and half spent just $50 
per acre or less (Schonrock 2005). Thus, farm pond ecosystems are largely allowed to follow 
ecological trajectories not subject to human oversight and their communities develop 
independent of human management. 
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WHY WON’T EXISTING RESTORATION FRAMEWORKS WORK? 
Having established that farm ponds possess the hallmarks of novel ecosystems, we are 
faced with the question of what to do with them. Opportunities abound to apply wetland 
restoration practices to enhance farm pond ecosystems and promote their value as refuges for 
biodiversity in agricultural landscapes (Knutson et al. 2004, Shulse et al. 2010, Huggins et al. 
2017). For example, farm ponds in the United Kingdom are the focus of ongoing habitat 
restoration efforts including the periodic removal of overgrown vegetation from ponds (Sayer et 
al. 2012). But in the US, conservation efforts continue to lag far behind efforts to restore 
degraded natural wetlands, despite the fact that farm ponds greatly outnumber their natural 
counterparts in many parts of the Great Plains (e.g., Gallant et al. 2011). In our opinion, farm 
ponds have been neglected in the dialogue around wetland conservation and restoration because 
they do not fit within the conventional ecological restoration approach, which typically focuses 
on natural or pristine ecosystems that have been damaged (McDonald et al. 2016). Incorporation 
of the novel ecosystems concept into the restoration ecology framework could ameliorate this 
situation and benefit both conservation of biodiversity of the agricultural landscapes in which 
farm ponds are embedded, as well as the discipline of restoration ecology more broadly.  
 
A Problem of Definitions 
One of the major barriers to approaching farm pond conservation within a conventional 
restoration ecology framework is a definitional paradox. According to the Society for Ecological 
Restoration (SER), ecological restoration is most fundamentally the reversal of human 
degradation of an ecosystem (McDonald et al. 2016). Recall that farm pond construction 
occurred frequently in uplands and involved impoundment or excavation, not the destruction of 
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wetlands (Leja 1998, Gallant et al. 2011). The process of converting a swath of prairie into a 
pond technically results in “degradation”, insofar as it entails disrupting the “structure, 
composition, and functionality” of the native terrestrial ecosystem that preceded it (McDonald et 
al. 2016). Thus, “restoration” of farm ponds, in the sense of the SER definition would mean 
draining farm ponds and replanting the sites as patches of prairie or other upland habitat.  
This restoration scenario is untenable for a number of reasons. There are substantial 
practical problems associated with converting a pond basin into a patch of prairie. These restored 
patches would be diminutive in size, since most farm ponds cover only about one acre, on 
average. The ecological benefits of such small restorations would be dubious, and unlikely to 
offset the economic costs required to bring them about. Most importantly, the ecological benefits 
of maintaining farm ponds as wetland ecosystems likely far outweighs the benefits of converting 
them back to patches of upland habitat. An alarming proportion of natural wetlands in the Great 
Plains have already been destroyed (Dahl 1990), and we see no benefit in exacerbating the 
present shortage of wetlands by destroying farm ponds. Nor, we suspect, would landowners 
whose livelihoods depend on agricultural practices supported by farm ponds. Strict adherence to 
the principles laid out in the conventional approach to ecological restoration leads us to a dead 
end.  
 
Farm Ponds Lack Local Historical Analogs 
So, let us assume that restoration of farm ponds that involves the conversion of ponds to 
upland habitat is off the table and that everyone is best served by sustaining farm ponds as 
wetland ecosystems. What should these wetlands look like? Based on the framework laid out by 
the Society for Ecological Restoration, they should take on the characteristics of a local reference 
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site (McDonald et al. 2016). Here again the conventional restoration approach leaves us at a loss, 
for in many localities there are simply no local analogues of farm ponds. 
The majority of farm ponds have been constructed in areas where environmental and 
topographical factors historically precluded the formation of ponds and non-riparian wetlands 
(Smith et al. 2002, Gallant et al. 2011). For example, consider the Loess Flats and Till Plains 
ecoregion of southern Iowa. This landscape is characterized by rolling hills, fertile pasturelands, 
and the highest densities of farm ponds in the state (Chapman et al. 2001, Gallant et al. 2011). 
Upland slopes in the region were historically devoid of wetlands, which, when present, formed in 
valleys along streams (Chapman et al. 2001). Local topography and agricultural activities have 
therefore led to widespread construction of farm ponds that have no historical analogs. This 
pattern of pond construction in regions historically lacking small lentic water bodies can be 
observed throughout the Great Plains and has been described by Smith et al. (2002) as resulting 
in a systematic spatial redistribution of wetlands in that region.  
 
THE NOVEL ECOSYSTEMS ALTERNATIVE 
When conventional restoration approaches cannot further the goals for a site or 
ecosystem, new frameworks are needed. This ensures that opportunities for conservation are not 
missed because practitioners are operating within an overly restrictive framework. Extending the 
restoration ecology framework through the novel ecosystems concept strengthens, rather than 
threatens, restoration ecology and conservation. As we explain below, this is particularly 
apparent in the case of farm ponds. 
In our view, the critical role that the novel ecosystems concept could play in the 
conservation of farm ponds is introducing a new framework that enables managers to articulate 
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the value of these ecosystems and justify their management (Miller and Bestelmeyer 2016). 
Aronson et al. (2014) argue that labeling some ecosystems as novel ecosystems could change 
how we think about them: “Words matter and language can greatly affect people’s view of the 
world”. We agree. Indeed, the field of wetland science itself provides striking examples of ways 
that terminology impacts conservation and management of ecosystems. Western societies have 
historically viewed wetlands in a negative light and described them using language and 
terminology to reflect and reinforce cultural stigmas (Mitsch and Gosselink 2007). Words and 
phrases derived from wetland terminology have largely negative connotations. They conjure 
images of disease, corruption, and hindered progress (e.g., “bogged down”, “swamped”, 
“morass”, “quagmire”, etc.) and play to the perception that wetlands need to be tamed or 
sanitized. Today, modern attitudes towards wetlands have shifted substantially, yet these words 
remain prominent in our lexicon, serving as a testament to the staying power of cultural 
perceptions and attitudes. 
How could the novel ecosystems framework impact perception of farm ponds? There are 
concerns that designation of some ecosystems as ‘novel’ could confer positive connotations to 
highly altered ecosystems, which will ultimately lead to apathy on the part of managers and 
policymakers to preserve and restore natural ecosystems (Aronson et al. 2014). In the case of 
farm ponds of the Great Plains, this concern takes on a certain measure of irony. Already, despite 
the ecological, cultural, and agricultural importance of farm ponds, little attention is paid to these 
ecosystems (Smith et al. 2002, Downing 2010, Hill et al. 2018). Farm ponds in the U.S. Great 
Plains are particularly undervalued and are currently managed and appreciated for a small 
fraction of the functions they perform (Smith et al. 2002). Thus, for farm ponds, what Aronson et 
al. (2014) consider a risk of the novel ecosystems concept may actually be one of its key 
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benefits. Labeling farm ponds as ‘novel ecosystems’ could confer to them a sense that these are 
complex ecosystems, not mere water troughs, leading to recognition that their conservation and 
restoration are worthwhile. As the case of wetland conservation in the U.S. illustrates, without 
recognition of the value of an ecosystem, its conservation will continue to stall. 
Despite the positive connotations and shift in public perception that might accompany the 
recognition of farm ponds as novel ecosystems, the question remains: How will designating farm 
ponds as novel ecosystems change their management? At this juncture, it is difficult to say. 
Description of the composition and structure of these ecosystems has just begun, and further 
research will undoubtedly identify new avenues for pond management that balances potential 
ecological, social, and agricultural functions. In any case, we think it hardly likely that such 
labeling will “restrict management options by potentially excluding restoration”, as foretold by 
Aronson et al. (2014). In fact, by recognizing the value of the full range of functions that farm 
ponds perform, it may be more likely that wetland restoration approaches will be adopted for 
farm pond management. As we have previously discussed, farm ponds cannot be “restored” in 
the technical sense, but the many of the goals of restoration (biodiversity conservation, enhanced 
ecosystem functions, etc.) can be achieved through application of restoration methods and 
approaches.  
To jump-start the effort to apply wetland restoration and conservation approaches to U.S. 
farm ponds, we have identified a few potential avenues for enhancing their value to biodiversity 
conservation. First, it is well-established that habitat quality for native amphibians and 
macroinvertebrates can be directly improved by restricting cattle access and predatory fish 
introductions to ponds (Trimble and Mendel 1995, Hecnar and M'Closkey 1997, Giuliano 2006, 
Schmutzer et al. 2008). It may be advisable that landowners focus on excluding cattle and fish 
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from small ponds (< 0.2 ha), since these sites provide poor fishing prospects and limited water 
storage capabilities but could serve as key breeding sites for aquatic wildlife (Leja 1998). In 
addition, pond restoration approaches applied to marl pit ponds in the United Kingdom could 
provide a landscape-scale blueprint for managing farm ponds (Sayer et al. 2012). In that system, 
ponds are managed as a “pondscape” to ensure that a mosaic of habitats is available across a 
spectrum of habitat successional stages. To maintain this gradient, older ponds with high levels 
of sediment buildup are dredged and dense vegetation is removed, counteracting natural 
successional processes (Sayer et al. 2012). Another potential restoration approach is to 
intentionally create seasonally-inundated wetlands downstream from the pond embankments 
(Huggins et al. 2017). Overflow during periods of heavy precipitation pools below the dam and 
can provide the basis for the development of wetland plant communities downstream from the 
pond (Fig. 3.3). Encouraging the development of these areas could provide additional wetland 
habitat that does not directly interfere with the pond’s agricultural function. 
Local ecological, social, or logistical constraints mean that no single method will be 
suitable for all Great Plains farm ponds and the suitability of these potential restoration practices 
will vary by context-specific management goals. In addition, although partnerships between 
stakeholders, managers and policymakers will be critical to managing farm ponds, these groups 
bring distinct needs and expectations to the table. Fortunately, the novel ecosystems framework 
provides the flexibility needed to manage these ecosystems for diverse goals and within unique 
constraints (Miller and Bestelmeyer 2016). Recognition of farm ponds as novel ecosystems is an 





Farm ponds are abundant in the agricultural landscapes of the Central US, but the 
potential role of these ecosystems in biodiversity conservation has yet to be recognized by 
landowners, managers, or scientists. As native wetland acreage continues to decline and ponds 
comprise an increasing proportion of the total extant aquatic habitat available in agricultural 
regions (Dahl 2011), our perception of these constructed wetlands needs to be adjusted. Without 
a paradigm shift, the value of farm ponds will remain unrealized. Incorporating novel ecosystems 
into the framework of ecological restoration will facilitate farm pond restoration and 
conservation. Accepting the novel ecosystems concept as a framework for restoration and 
conservation of highly altered ecosystems is a critical step toward this possibility materializing. 
Certainly, there are restoration contexts where the novel ecosystems concept is not needed, but in 
those instances where it applies, including farm ponds, we believe it offers key benefits that have 
yet to be realized through conventional restoration frameworks. 
  
79 
FIGURES AND TABLE 
Figure 3.1. Farm ponds provide two key agricultural functions. At left, a farm pond in Ringgold 
County, Iowa, that provides water for a small herd of cattle. The cattle have direct access to all 
parts of this pond, and spend a great deal of time along the embankment, as evidenced by the 
extensive bare ground along the top of the dam. Right, a pond located in an unplanted crop field. 
This pond captures sediments and runoff from the surrounding cropland. After a heavy rain, 
small gullies have formed in the field upstream from the pond (white arrow), but are intercepted 





Figure 3.2. Farm ponds exhibit different vegetation characteristics depending on their 
successional stage and the extent and manner of their ‘neglect’ by landowners. Ponds allowed to 
accumulate substantial amounts of sediment tend to be shallow and densely vegetated (A). These 
tend to dry up each summer. Newer ponds may remain inundated year-round but will often 
develop a fringe of emergent vegetation along their edge (B). If woody vegetation is allowed to 
proliferate around the pond margin, wetland vegetation may be confined to a small portion of the 
pond margin (arrow, C). These ponds will support different aquatic organisms. Ponds B and C 
are more suitable for summer-breeding frog species such as Gray treefrogs (Hyla versicolor, D) 
and Blanchard’s cricket frogs (Acris blanchardi). Likewise, ponds B and C could support 
populations of predatory sport fish, such as Bluegill Sunfish (Lepomis cyanellus, E), which 
would be eliminated from pond A when it dries up in the summer. On the other hand, pond A 
could support spring-breeding and early summer-breeding amphibian species (not pictured) such 
as boreal chorus frogs (Pseudacris maculata) or American toads (Anaxyrus americanus).  
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Figure 3.3. The area below the dam of a pond built in 2005. A small community of wetland 






Table 3.1. Biophysical and agricultural attributes of new farm ponds, neglected farm ponds, and 
of native prairie pothole wetlands.  
 
Characteristic New Farm Pond Neglected Farm Pond Prairie Pothole Wetland 




Vegetation Sparse vegetation, emergent 
macrophytes typically confined 
to edge of pond, submerged or 
free-floating vegetation can be 
extensive 
Extensive emergent, 
submerged, and free-floating 
vegetation throughout pond (if 
pond edges are free of dense 
tree canopy) 
Vegetation forms concentric 
rings along hydrological 
gradient, extensive cover of 
emergent, submerged, or free-
floating vegetation 
Wildlife Amphibians or insects with 
lengthy developmental periods, 
upland and semiaquatic 
mammals, kingfishers and 
herons (if fish are stocked), 
stopover habitat for migratory 
waterfowl 
Amphibians and aquatic insects 
with short developmental 
periods, migrating shorebirds or 
other waterfowl 
Amphibians with lengthy 
developmental periods, 
semiaquatic mammals (esp. 
muskrats), kingfishers and 
herons, critical nesting habitat 
for waterfowl 
Fish Supports predatory gamefish 
and non-predatory bait fish 
Unlikely to support fish 
species, except those resistant 
to hypoxia (usually non-
predatory) 
Supports fish species resistant 
to hypoxia (usually non-
predatory) 
Soils Little hydric soil development Well-developed hydric soils Well-developed hydric soils 
Agricultural 
Role 
Reliable source of water for 
cattle, irrigation, and can 
support soil erosion activities 
Unreliable sources of water for 
cattle or irrigation due to 
seasonal exposure 
Drained and converted to row-
crop agriculture, unreliable 
water sources 
Information on prairie pothole wetlands compiled from van der Valk (1989) and Weller and Spatcher (1965). Farm pond 
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CHAPTER 4 – CONCLUSIONS AND IMPLICATIONS 
 
In this research, I endeavored to understand the potential for farm ponds to function as 
refugia for amphibians in agricultural landscapes. The results of my work suggest that while 
there are substantial challenges to conserving biodiversity in farm ponds, the potential benefits of 
doing so are equally sizable. Unfortunately, farm pond conservation and research continue to 
languish in the United States. The ongoing focus among restorationists and conservationists on 
restoring and preserving ‘natural’ ecosystems leaves little room for farm ponds on the list of 
priorities. In this final chapter, I describe how four key stakeholder groups – scientists, natural 
resource agencies, policy makers, and landowners – could counter this longstanding trend. 
For scientists, there is a clear need to devote research effort to farm pond ecosystems. 
Small water bodies, including ponds, have suffered from a longstanding bias among freshwater 
ecologists towards large water bodies, such as lakes and rivers (Downing 2010). Not only has 
this focus been unduly skewed, given the sheer number of small ponds in existence, we now 
know it has reinforced our ignorance of the crucial role that small systems play in global 
processes (Downing 2010). Despite this, research on ponds has continued to stagnate (Biggs et 
al. 2016). The findings I presented in Chapter 2 are a step toward rectifying this situation. I 
applied existing knowledge of amphibian habitat use and wetland succession to farm pond 
ecosystems to illuminate the unique issues facing amphibian conservation in these habitats. My 
results suggest that farm ponds can provide critical resources to breeding amphibians if properly 
managed. These findings corroborate those of others in the U.S. (Knutson et al. 2004) and 
elsewhere (Céréghino et al. 2008, Brainwood and Burgin 2009) and together provide a scientific 
foundation for the legitimacy and value of studying farm ponds as refuges for biodiversity. As 
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more research emerges, the novel ecosystems concept could prove to be a useful framework for 
integrating these findings and fostering dialogue over the best strategies for protecting and 
enhancing these ecosystems. 
As this conversation grows, it will be necessary to include natural resource agencies 
(including the Natural Resources Conservation Service; NRCS) and the technicians in their 
employ who are responsible for the design and construction of farm ponds. These individuals are 
on the forefront of pond construction and management in the United States and engaging them is 
critical if we are to move beyond the prevailing view of farm ponds as mere agricultural tools. A 
starting place for such a dialogue are the ecological effects of pond aging and renovation. In 
Chapter 2, I used chronosequence analyses to establish a general timeline of habitat 
development. I concluded that renovating 35-year-old ponds would preclude the development of 
key amphibian habitat components. What is needed now is to communicate to agency personnel 
that what they might view as a degraded pond, a frog may perceive as prime breeding habitat. 
Based on my conversations with technicians in Ringgold County, Iowa, I believe there is room to 
protect pond habitat for amphibians while still working within their agency’s mandate. Although 
the engineering specifications of ponds are rather rigid (see Deal et al. 1997), ecological 
considerations are largely left up to the technician’s discretion. For example, there is no explicit 
policy specifying that a new pond must be built on the site of the old one (A. Gottemoeller, pers. 
comm.). Choosing to place the new pond elsewhere on the property could preserve older, high-
quality ponds. The current agency focus on the agricultural functions actually leaves substantial 
room for enhancing conditions for biodiversity in ponds. 
While there appears to be much that natural resource agencies can do to facilitate 
conservation of pond biodiversity, these efforts will have sporadic support and implementation 
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until policy changes codify their legitimacy. Currently, the U.S. Clean Water Act (CWA; Clean 
Water Act 1972) is primary tool used by the federal government to protect wetlands. However, 
extension of the CWA to include farm ponds is unlikely to be successful or ultimately helpful. 
As the vitriolic fallout from an effort in 2014 to refine the purview of the “Waters of the United 
States” rule, there are serious challenges to expanding government oversight (Layden 2014). The 
political difficulties of such an approach underscore how social and ecological components are 
intertwined in these systems. In Chapter 3, I argued that farm ponds are novel ecosystems with 
an important human component and are distinct from the natural wetlands regulated by the 
CWA. For this reason, an incentive program with voluntary enrollment could be a better option. 
Such a program would help mitigate the economic burden that would be placed on farmers by 
preserving older, unproductive ponds. Without this compensation, pond conservation will likely 
attract little buy-in from landowners. Temporarily, grassroots efforts, perhaps patterned after the 
European Pond Conservation Network (Miracle et al. 2010), which has been the leader in pond 
science and management in Europe for over a decade, could help fill the void. However, federal 
action will ultimately be required to conserve these nationally important ecosystems on the scale 
that would be required. 
In the absence of any policy changes, landowners will continue to exercise the ultimate 
authority over pond structure and function. As a result, their attitudes and beliefs about farm 
ponds remain central to the status of biodiversity conservation in these systems. Based on 
conversations with Iowa landowners, I suspect that many would be surprised by the diversity of 
amphibians breeding in farm ponds. It would probably also surprise them to learn that renovation 
is so destructive to amphibian habitat. How this knowledge might affect their future decisions is 
unknown. Ponds hold a unique position in the social fabric of rural areas, and some have argued 
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that they take on the role of “rural status symbols” (Hawley 1973). As such, aesthetic 
considerations likely play an important role in how ponds are perceived and managed. Based on 
work interviews conducted with farmers Nova Scotia (Greenland-Smith et al. 2016), I suspect 
that the emergent vegetation I found to be an important component of amphibian habitat is 
perceived by landowners to be ‘weedy’ and unappealing. An important component of future 
research efforts will be to define the roles of aesthetics or other social factors in determining 
landowner management of ponds. There are considerable challenges to encouraging landowners 
to manage their ponds as refuges for biodiversity, and a first step toward this goal is 
understanding how landowners make decisions.  
In the context of global conservation efforts, human-constructed ponds represent an 
untapped resource that is just beginning to be recognized (Hill et al. 2018). I have outlined some 
of the areas where partnerships could be formed between stakeholders to advance pond 
conservation in the United States. Undoubtedly, there are numerous other areas that could 
provide fertile ground for such efforts, but the bottom line is that as novel, human-constructed 
ecosystems, conservation of farm ponds requires consideration of all stakeholders. With more 
than 2.5 million ponds in the Central United States, their inherent conservation potential is too 
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